Abundance, biomass, and taxonomic composition of the ciliate community were studied in the surface waters along a transect between 50°S 61°W and 48°N 5°W (Atlantic
INTRODUCTION
Ciliates act as a trophic link between (i) bacteria and small protists (heterotrophic flagellates and small algae), and (ii) metazooplankton and fish larvae (Porter et al. 1985 , Gifford 1991 , Sherr & Sherr 2002 . Consequently, it is important for the construction of budgets or mechanistic models describing the ecosystem functioning to assess the role of ciliates in energy transfer, which are then further used in the studies of problems like carbon export toward oceanic bottom or global climate change (e.g. Tett & Wilson 2000 , Stukel & Landry 2010 , Caron & Hutchins 2013 . Parameterization of such budgets and models requires studies focused on ciliate standing stocks (e.g. Arndt 1991 , Suzuki & Taniguchi 1998 , Rychert et al. 2013 . With regard to the marine environment, there is a sufficient number of studies describing ciliate abundance in coastal zones but few of such studies has been carried out for open ocean waters , Quevedo et al. 2003 , Samuelsson et al. 2006 . This especially concerns the southern hemisphere (Santoferrara & Alder 2009 ). It should also be mentioned that only loricate ciliates (tintinnids) have been studied since the beginning of plankton studies, because they are protected by sturdy loricae and can be easily collected and concentrated with plankton nets. Consequently, data on aloricate ciliates are still insufficient and generally were collected along short transects (e.g. Quevedo et al. 2003 , Santoferrara & Alder 2009 . The aim of this study was to determine the abundance, biomass, and composition of ciliate communities in the surface waters of the open Atlantic Ocean along a transect from the southern temperate zone to the northern temperate zone.
MATERIALS AND METHODS
Samples were collected between March 20 and April 23, 2011. Altogether 11 samples were collected along the transect between 50°S 61°W (southern temperate zone, Fig. 1 
The biomass of the tintinnid ciliates was estimated from the volume of the lorica, which was calculated after comparing its shape with the combination of simple figures, e.g. cylinder and hemisphere. The lorica volume (LV, µm 3 ) was recalculated into carbon content (CC, pgC) using the formula by Verity & Langdon (1984) :
Ciliates were divided into two groups: (i) heterotrophic (tintinnid ciliates, heterotrophic and mixotrophic aloricate ciliates) and (ii) autotrophic Mesodinium rubrum Lohmann 1908 sensu lato (M. rubrum and M. major, Garcia-Cuetos et al. 2012) . The distinctive morphology of M. rubrum allowed for positive identification after fixation with Lugol's solution.
RESULTS AND DISCUSSION
The abundance of heterotrophic ciliates was low in the equatorial zone (280-320 cells l -1 , 0.11-0.12 µg C l -1 , Fig. 1 ). In subtropical and temperate zones, the abundance of ciliates was higher (Fig. 1 , except at 20°S and 42°N) with the highest values observed at 44°S (2667 cells l -1 and 0.82 µg C l -1 ). The abundance of ciliates corresponded to the global distribution of primary production in oceans; primary production is much lower at lower latitudes (especially in oceanic gyres) compared to temperate zones (Huston & Wolverton 2009) . A similar latitudinal pattern of ciliate abundance was also reported for northern part of the Pacific Ocean (Sohrin et al. 2010) . The study was conducted during spring in the northern hemisphere and austral fall in the southern hemisphere. Thus, ciliate abundance was additionally elevated at higher latitudes because in the temperate zones, ciliate abundance peaks during spring and fall (Smetacek 1981 , Rychert et al. 2013 ) and in subtropical zones, the highest ciliate abundance is reported during spring (Lessard & Murrell 1996 , Quevedo et al. 2003 , Vaque et al. 2014 ). The lowest abundance was observed at the latitude of 42°N (160 cells l -1 , 0.05 µg C l -1 ). The most parsimonious explanation for low ciliate standing stock at this site is high abundance of molluskan larvae observed there (1480 larvae l -1 ), which could feed on ciliates (Stoecker 2013) . Most of the heterotrophic ciliates were small -a median value for particular sites ranged from 12.2 to 18.8 µm. There was no large difference in the size distribution between the sites.
Heterotrophic ciliate abundance and biomass estimates are equal to or lower than values reported earlier in offshore waters of the Atlantic Ocean (Verity et al. 1993 , Stoecker et al. 1994 , Froneman & Perissinotto 1996 , Lessard & Murrell 1996 , Froneman 2004 , Santoferrara & Alder 2009 , Montagnes et al. 2010 and in the studies conducted in the Pacific Ocean (Beers et al. 1982 , Verity et al. 1996 , Suzuki & Taniguchi 1998 , Ota & Taniguchi 2003 , Yang et al. 2004 , Liu et al. 2013 ) and the Indian Ocean (Sorokin et al. 1985 , Leakey et al. 1996 . Most of the aforementioned studies applied a different biomass coefficient of 0.19 pg C per cubic micrometer of cell volume, which was determined by Putt & Stoecker (1989) . According to this "old" coefficient, our biomass values would be higher on average by 42%. According to the coefficient by Putt & Stoecker (1989) , the highest biomass of heterotrophic ciliates (at 44°S) was 1.20 µg C l -1 .
M. rubrum was observed in the northern hemisphere and tropical waters (Fig. 1) , whereas it was absent at southern latitudes exceeding 9°S. The highest abundance (1080 cells l -1 ) and biomass (1.14 µg C l -1 ) of M. rubrum were found at the most northern site (48°N, Fig. 1) . A similar abundance of about one thousand cells per liter was reported in the North Atlantic by Stoecker et al. (1989) . At other sites with M. rubrum, its biomass was lower and corresponded only up to 8% of the biomass of heterotrophic ciliates (abundance up to 60 cells l -1 , Fig. 1 ). According to Montagnes & Lynn (1989) and Montagnes et al. (2008) , the highest abundance of M. rubrum in the northern hemisphere is reported during spring, therefore, its highest abundance in the southern hemisphere is expected during austral spring (September-December). This study was performed in late March and April, thus the occurrence of M. rubrum in the northern hemisphere and its lack in the southern hemisphere were typical. A number of studies about Mesodinium rubrum reported the coexistence of small and large specimens of this organism (e.g. Rychert 2004 , Montagnes et al. 2008 . It eventually resulted in the division of Mesodinium rubrum into two species: M. rubrum sensu stricto and M. major (Garcia-Cuetos et al. 2012) . In this study, both species could not be differentiated after fixation. The majority of cells were rather small -a median value of the equivalent spherical diameter was 23.6 µm. Large cells, which might belong to the species M. major, were only observed at site 48°N where they represented a few percent of the abundance and 12% of the biomass of Mesodinium rubrum sensu lato.
The most frequently observed ciliates were oligotrichs and aloricate choreotrichs. They represented from 11 to 98% of the ciliate biomass (Fig. 2) . They were classified to the following genera: Strombidium, Rimostrombidium, Pelagotrobilidium, Laboea, and Tontonia (listed according to their occurrence). Their dominance in pelagic ciliate communities is well known (Ota & Taniguchi 2003 , Quevedo et al. 2003 , McManus & Santoferrara 2013 . Tintinnid ciliates were observed only in tropical and subtropical waters (Fig. 2) . Their highest contribution to the ciliate biomass (43%) was observed at the equator. Most of the recorded tintinnids belonged to cosmopolitan genera (Dolan & Pierce 2013) : (17°N) were observed in tropical waters; they were described as taxa dwelling in warm and temperate waters (Dolan & Pierce 2013) . In the northern hemisphere, a significant fraction of the ciliate biomass was represented by haptorids (up to 85% of the ciliate biomass at 48°N, Fig. 2 ). The most frequent haptorid ciliate was functionally autotrophic Mesodinium rubrum, whereas other haptorids (Askenasia spp. and heterotrophic Mesodinium sp.) were rare. In the southern subtropical and temperate zones, some hypotrichs (e.g. Euplotes sp.) were observed (up to 35% of the ciliate biomass, Fig. 2 ). They were observed only in the southern hemisphere, which suggested that their occurrence was seasonal and characteristic of austral fall. Ciliates from other orders accounted for on average 7% of the ciliate biomass (range: 0-40%, Fig. 2 ). They were prostomatids (mainly Urotricha spp. and Holophrya sp.), scuticociliates (mainly Cyclidium sp.), and other rarely occurring taxa. To sum up, the aforementioned taxa were previously reported in sea and oceanic waters (Porter et al. 1985 , Ota & Taniguchi 2003 , McManus & Santoferrara 2013 . Some ciliates could not be identified; they represented on average 8% of the ciliate biomass (range: 0-26%).
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